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(57) ABSTRACT

An approach is provided to cause an operation comprising
one or more of a substrate tamping process, a substrate offset
process, and a mechanism actuation process. The approach
involves determining an instruction to cause the operation.
The approach also involves causing a movement of one or
more of a slide element and a shaft based on the instruction.
The slide element and the shaft are configured to move in a
first direction and a second direction along a length of the
shaft. The movement in the first direction and the second
direction of one or more of the slide element and the shaft
corresponds to the operation.

16 Claims, 6 Drawing Sheets
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1
METHOD AND APPARATUS FOR

COMBINING ONE OR MORE OF TAMPING A

STACK OF SUBSTRATES, LATERALLY

OFFSETTING A SUBSTRATE, AND

ACTUATING OTHER MECHANISMS USEFUL

IN PRINTING IN AN IMAGE FORMING

DEVICE

FIELD OF DISCLOSURE

The disclosure relates to a method and a simplified system
to provide a sliding mechanism for implementing a plurality
of functions including tamping a stack of substrates, laterally
offsetting one or more substrates in a transport path, and
actuating other mechanisms that may be useful in controlling
the transport of substrates through a transport path in an
image forming device.

BACKGROUND

Printing systems in modern image forming devices often
provide multiple separate mechanisms that are configured to
individually perform tasks associated with, for example,
alignment of single and multiple substrates in the image
forming devices. These individually-implemented tasks
include separate mechanisms for tamping a stack of sub-
strates, for laterally offsetting one or more substrates, and for
actuating other mechanisms that are otherwise useful in con-
trol of substrate movement through the image forming device.
The other mechanisms may include actuating certain latching
mechanisms for locking and unlocking components associ-
ated with the movement of substrates out of the image form-
ing devices. Image forming device manufacturers are con-
tinually challenged to reduce the overall space occupied by
various multi-component or multi-function printing systems,
without increasing complexity or cost.

SUMMARY

It may be advantageous to provide an approach to imple-
ment a simple sliding mechanism that may control a plurality
of the functions previously controlled by multiple, and per-
haps redundant, components in an image forming device
including at least tamping a stack of substrates, laterally
offsetting one or more substrates in a transport path, and
actuating another mechanism useful in substrate transport in
support of printing in the image forming device.

According to one embodiment, a method useful in printing
comprises determining an instruction to cause an operation
comprising one or more of a substrate tamping process, a
substrate offset process, and a mechanism actuation process.
The method also comprises causing a movement of one or
more of a slide elements and one or more shafts based on the
instruction, the slide elements and the shafts being configured
to move in a first direction and a second direction along a
length of the one or more shafts. The movement in the first
direction and the second direction of one or more of the slide
elements and the one or more shafts corresponds to the opera-
tion.

According to another embodiment, an apparatus useful in
printing comprises a physical structure and at least one pro-
cessor, the processor being programmed to determine an
instruction to cause an operation comprising one or more of a
substrate tamping process, a substrate offset process, and a
mechanism actuation process. The apparatus being config-
ured to promote movement of one or more slide elements and
one or more shafts based on the instruction, the one or more
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slide elements and the one or more shafts being configured to
move in a first direction and a second direction along a length
of'the one or more shafts. The movement in the first direction
and the second direction of one or more slide element and the
one or more shafts corresponds to the operation.

These and other features, and advantages, of the disclosed
systems and methods are described in, or apparent from, the
following detailed description of various exemplary embodi-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

Various exemplary embodiments of the disclosed systems
and methods for implementing a simplified structure for sub-
strate handling in an image forming device will be described,
in detail, with reference to the following drawings, in which:

FIG. 1 illustrates an exemplary overview of the compo-
nents of a system for combining a plurality of media handling
functions, including tamping a stack of substrates, laterally
offsetting a substrate, and/or actuating another mechanism
useful in printing, according to this disclosure;

FIG. 2 is a flowchart of an exemplary process for combin-
ing a plurality of media handling functions, including tamp-
ing a stack of substrates, laterally offsetting a substrate, and/
or actuating another mechanism useful in printing, according
to this disclosure;

FIG. 3 illustrates a schematic diagram of a first exemplary
movement of system components for tamping a stack of
substrates in an image forming device according to this dis-
closure;

FIG. 4 illustrates a schematic diagram of a second exem-
plary movement of system components for laterally offsetting
one or more substrates in an image forming device according
to this disclosure;

FIG. 5 illustrates a schematic diagram of a third exemplary
movement of system components for actuating another
mechanism useful in printing in an image forming device
according to this disclosure; and

FIG. 6 is an exemplary block diagram of a control system,
including a chip set, that can be used to implement a control
scheme according to this disclosure.

DETAILED DESCRIPTION

The systems and methods for implementing a simplified
structure for substrate handling in an image forming device
will generally refer to this specific utility or function for those
systems and methods. Exemplary embodiments described
and depicted in this disclosure should not be interpreted as
being specifically limited to any particular configuration of
the described elements, or as being specifically directed to
any particular combination of the disclosed intended uses,
including being limited in applicability to any particular func-
tioning or operation of a processing, post-processing or other
component device in an image forming system. Any advan-
tageous combination of schemes that may employ a particular
structure or scheme for implementing multiple substrate han-
dling functions according to the generally-disclosed concepts
are contemplated as being encompassed by this disclosure.

Specific reference to, for example, various configurations
of image forming systems and component devices within
those systems, including post-processors and/or finishers, as
those concepts and related terms are captured and used
throughout this disclosure, should not be considered as lim-
iting those concepts or terms to any particular configuration
of the respective devices, the system configurations or indi-
vidual elements. The subject matter of this disclosure is
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intended to broadly encompass systems, devices, schemes
and elements that may involve image forming and finishing
operations as those operations would be familiar to those of
skill in the art. The disclosed concepts are particularly
adapted to selectable image receiving media handling opera-
tions in small image forming systems, and multi-function
devices, as those concepts are understood by those of skill in
the imaging and image forming arts.

The disclosed schemes may particularly address issues that
arise in many different forms of reduced size devices in which
device manufacturers seek to reduce numbers of redundant or
nearly-redundant components in a manner that simplifies
component structures leading to reductions in overall com-
ponent or system size.

Examples of a method, apparatus, and computer program
for combining a plurality of media handling functions,
including tamping a stack of substrates, laterally offsetting a
substrate, and/or actuating another mechanism useful in
printing, are disclosed. In the following description, for the
purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of the
particularly-disclosed embodiments. It will be apparent,
however, to one skilled in the art that the particularly-dis-
closed embodiments may be practiced without all of the spe-
cific details, or with substantially equivalent arrangements. In
instances, well-known structures and devices are shown in
block diagram form in order to avoid unnecessarily obscuring
the embodiments.

As used in this disclosure, the term “slide element(s)” will
generally refer to any mechanical component capable of slid-
ing or being caused to slide along a length of a shaft. For
example, such a mechanical component may itself be a bear-
ing, comprise a bearing, or be an apparatus that comprises
multiple components that include a bearing, or that may be
otherwise slidable along the shaft based on any mechanism
that may reduce friction between the slide element and the
shaft.

FIG. 1 illustrates an exemplary overview of the compo-
nents of a system 100 for combining a plurality of media
handling functions, including tamping a stack of substrates,
laterally offsetting a substrate, and/or actuating another
mechanism useful in printing, according to this disclosure.
The system 100 may be incorporated into, or attached to an
output end of, an image forming system or device, including
a post-processing device known as a finisher. The finisher
may be configured to deliver single stacked sheets and/or to
form a staple on a sheeted substrate comprising any material
upon which a printed image may be formed. Conventional
image forming systems that are configured to tamp a stack of
substrates, laterally offset a substrate, and/or actuate another
mechanism are often complex in nature because such con-
ventional systems employ several different, and often redun-
dantly-configured, mechanisms for causing any or each of the
tamping, offsetting and/or actuating. The several mechanisms
often require additional space within, or around, a conven-
tional printing system, and accordingly increase the overall
space occupied by the conventional system, as well as
increasing the overall complexity and cost of the conventional
printing system.

To address this problem, a system 100 as shown in FIG. 1
introduces the capability to provide multiple functionalities
such as tamping a stack of substrates, laterally offsetting one
or more substrates, and/or actuating another mechanism in a
small envelope by reducing the numbers of mechanisms and
of various parts that are conventionally necessary to perform
these separate tasks. Accordingly, the system 100 includes an
apparatus having a pair of slider shafts (see element 107) and
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at least a pair of corresponding slide elements (see element
105). The slide elements are configured to slide between
corresponding first positions and corresponding second posi-
tions in opposite directions from one another, or in a same
direction as one another, on demand and as directed by
instructions from a controller 101 to one or more motors
103a, 1035, 103¢. The slide elements may have respectively
associated with them individual paddles 109a, 1095 for
manipulating substrates translating the relative movement of
the slide elements to the substrates.

Additionally, the slide elements may be configured to
remain in a corresponding predetermined position, or to move
to a corresponding predetermined position, while the slider
shafts themselves are moved between their own correspond-
ing first and second positions. In some embodiments, the
slider shafts may slide relative to the slide elements, for
example, to actuate additional mechanisms 113qa, 1135, such
as a baffle latch mechanism, that may accordingly be caused
to move between an engaged position and a disengaged posi-
tion on demand through actuation of one or more of a pair of
levers 111a, 1115 for translating shaft movement to the actua-
tors.

In embodiments, the slide elements may be a part of a
multi-component apparatus that includes the paddles config-
ured to tamp and/or offset a substrate that is processed by the
system 100. For example, as one or more sheets of substrate
material are output by a printing system that forms an image
on the substrate, the sheeted substrate may be stacked on an
output tray 124. The stack of sheeted materials is sometimes
tamped to tidy the stack, and/or one or more sheets are some-
times caused to be offset from other sheets in the stack or for
precise alignment with the stacks. Accordingly, slide ele-
ments associated with paddles may be caused to move in-and-
out in opposite directions with respect to a centerline of an
ejection direction 123 of the substrate from the system 100 to
provide tamping to stacked sheets, or if offsetting is enabled,
the slide elements associated with the paddles may first be
aligned with an incoming sheet position and caused to move
in a same direction to the respective incoming sheet location.

Forreview, in FIG. 1, the system 100 comprises a controller
101, motors 103a, 1035, 103¢ (collectively referred to here-
inafter as motors 103), slide elements (depicted inFIG. 1 as a
single slide element 105), shafts (depicted in FIG. 1 as a
single shaft 1070, paddles 1094, 1095 (collectively referred to
hereinafter as paddles 109), levers 111a, 1115 (collectively
referred to hereinafter as levers 111), actuators 113a, 1135
(collectively referred to hereinafter as actuators 113), and a
tray, depicted in FIG. 1 as an elevator tray 124 movable
between, for example, an “UP” position and a “DOWN”
position.

According to various embodiments, the system 100, as
discussed above, may be configured to be incorporated into a
stapler module (not shown). Alternatively, the system 100
may be attached to an output end ejector 119 of the stapler
module. The stapler module may be configured to form a
staple on a substrate 121. The substrate 121 is output by the
stapler module at the output end ejector 119 and stacked as
additional sheets of substrate 121 are output by the stapler
module and fed to the elevator tray 124 in the ejection direc-
tion 123 individually or as a stapled stack of sheeted substrate
121.

In embodiments, the controller 101 determines an instruc-
tion to cause an operation comprising a plurality of a substrate
tamping process, a substrate offset process, and/or a mecha-
nism actuation process. Accordingly, the controller 101 may
actuate one or more of the motors 103 to cause a movement of
one or more of the slide element(s) 105 and/or at least one of
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the shaft(s) 107 based on the instruction. The slide element(s)
105 and the shaft(s) 107 may be configured to move in either
of a first direction or a second direction one or the other with
respect to each other.

For example, as will be described in detail below with
reference to FIGS. 3-5, a first slide element may be configured
to slide along a length of corresponding first shaft, and a
second slide element may be configured to slide along a
length of corresponding second shaft. Shaft(s) 107 may also
be configured to slide in a direction corresponding to their
respective lengths in the first direction and the second direc-
tion while corresponding slide element(s) 105 either remain
in a first position or are slid to a predetermined second posi-
tion that may correspond to a degree of movement of the
shaft(s) 107, or be an entirely different degree of movement.
The first and second directions of movement may be consid-
ered to be toward and away from a centreline of the ejection
direction 123, respectively.

The movement in the first direction and the second direc-
tion of one or more of the slide element(s) 105 and the shaft(s)
107 corresponds to the instructed operation. For example, ifa
substrate tamping process is instructed, the controller 101
may cause the slide element(s) 105 to move in opposing
directions toward or away from one another. By contrast, if a
substrate lateral offset process is instructed, the controller 101
may cause the slide element(s) 105 to move in a same direc-
tion in concert with one another. Alternatively, if a mecha-
nism actuation process is instructed, the controller 101 may
cause the shaft(s) 107 to move in a direction that may actuate
aleverto, in turn, translate a shaft movement in a manner that
actuates a mechanism, such as a latching mechanism.

In embodiments, the movement of the shaft(s) 107 dis-
cussed above may, in some detail, cause corresponding levers
111a, 1115 to move latches 113a, 1135 between respective
engaged and disengaged positions. Such movement of the
latches 113a, 1135 may be used, for example, to attach and/or
detach the system 100, in whole or in part from an output tray,
a guide member, or a portion of the finisher and/or associated
stapler module. In the example shown in FIG. 1, the levers
111a, 1115 may be hinged such that a movement of one end
of the levers 111qa, 1115 in the first direction, for example,
may cause another end of the levers 111a, 1115 to move inthe
second direction, and vice versa. It should be noted, however,
that the mechanism actuation process should not be limited to
requiring the levers 111a, 1115 to move in this manner.
Rather, movement of the shaft(s) 107 may be used to cause
any form of actuation or movement of another component of
the system 100, finisher or stapler module, for example.

According to various exemplary embodiments, the move-
ment of the slide element(s) 105 and the shafi(s) 107 are
further caused by at least one of the motors 103. For example,
a single one of the motors 103 may be configured to control
movement of any combination of the slide element(s) 105 and
the shaft(s) 107, as instructed by the controller 101 in any
combination of the first direction and the second direction
based on the instructed operation. Alternatively, the move-
ment of the slide element(s) 105 and the shaft(s) 107 may be
caused by a series of specifically configured ones of the
motors 103, which may be independently designated and/or
operated as, for example, a tamping motor 103a, an offset
motor 1035, and an actuator motor 103 ¢ that correspond to a
particular one of the instructed operations.

In embodiments, the tamping motor 1034 may be config-
ured to cause the slide element(s) 105 to move in the first
direction and in the second direction to perform an as-in-
structed tamping process. If a substrate tamping operation is
instructed, the tamping motor 103a may cause the slide ele-
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ment(s) 105 to move in the first direction and in the second
direction, opposite the first direction. During the tamping
process, the slide element(s) 105 may also be moved by the
tamping motor 103¢ in the second direction and in the first
direction, opposite the second direction. In other words, the
slide element(s) 105 are moved back and forth in opposite
directions to tamp the stack of substrates 121.

In embodiments, the offset motor 1035 may be configured
to cause the slide element(s) 105 to move cooperatively in the
first direction or separately to move cooperatively in the sec-
ond direction to perform an instructed substrate offset pro-
cess. If a substrate offset operation is instructed, the offset
motor 1035 may cause the slide element(s) 105 to move
cooperatively and together in the first direction, i.e. in the
same direction. In other words, the slide element(s) 105 are
moved back and forth in a same direction together to offset the
substrate 121.

In embodiments, the actuator motor 103¢ may be config-
ured to cause the shaft(s) 107 to move in the first direction and
in the second direction to perform an instructed mechanism
actuation process. If a mechanism actuation operation is
instructed, the actuator motor 103¢ causes the shafi(s) 107 to
move in the first direction and in the second direction, oppo-
site the first direction. During the mechanism actuation pro-
cess, the shaft(s) 107 may also be moved by the actuator
motor 103¢ in the second direction and in the first direction,
opposite the second direction as needed to return the shaft(s)
107 to an initial starting position in which the shaft(s) 107
were before the mechanism actuation process commenced.

According to various embodiments, the slide element(s)
105 may be connected with corresponding paddles 1094,
1094. As one or more sheets of substrate 121 are output by the
printing system, the paddles 1094, 1095 may cause a position
of the sheeted substrate 121 to change with respect to the
centerline of the ejection direction 123. Accordingly, if a
sheet of substrate 121 is output at the output end ejector 119
of' the printing system, the paddles 1094, 1095 may cause the
sheet of substrate 121 to be aligned with the centerline of the
ejection direction 123, or offset from the centerline of the
ejection direction 123. Movement of the paddles 109a, 1095
are configured to correspond with the movement of the slide
element(s) 105 because, as discussed above, the slide
element(s) 105 may be a part of the paddles 109a, 1095
themselves, or one component of a multi-component appara-
tus that includes one of the paddle(s) 109a, 1095 and a respec-
tive one of the slide element(s) 105.

FIG. 2 is a flowchart of a process for implementing a
plurality of the one or more of tamping a stack of substrates,
laterally offsetting a substrate, and actuating another mecha-
nism useful in printing. In one embodiment, the controller
101 performs the process 200 implemented in, for example, a
chip setincluding a processor and a memory as shown in FIG.
6. Instep 201, the controller 101 may determine an instruction
to cause an operation comprising one or more of a substrate
tamping process, a substrate offset process, and a mechanism
actuation process.

Then, in step 203, the controller 101 may cause a move-
ment of a first slide element and a second slide element in
opposite directions based on the instruction, the slide
element(s) being configured to move in a first direction and a
second direction along lengths of respective shafts. The
movement in the first direction and the second direction of the
slide element(s) corresponds to the operation. For example, if
atamping process is instructed, the controller 101 may cause
the slide element(s) to move in the first direction and in the
second direction based on the instructed substrate tamping
process. Any movement of the slide element(s) in the
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instructed substrate tamping process may be caused by one or
more motors that may include, for example, a tamping motor
or motors.

Next, in step 205, the controller 101 may cause movement
of a slide element and another slide element in a same direc-
tion based on the instruction, the slide element(s) being con-
figured to move in a first direction and a second direction
along lengths of respective shafts. The movement in the first
direction and the second direction of the slide element(s)
corresponds to the operation. For example, if an offset pro-
cess is instructed, the controller 101 may cause the slide
element to move in the first direction and the another slide
element to also move in the first direction based on the deter-
mined substrate offset process. Any movement of the slide
element(s) in an offset process may be caused by one or more
motors that may include, for example, an offset motor or
motors.

The process continues to step 207, in which the controller
101 may cause a movement of a shaft and of another shaft in
opposite directions based on the instruction, the shaft(s) being
configured to move in a first direction and a second direction
along a respective length of the shaft(s). The movement in the
first direction and the second direction of the shaft(s) corre-
sponds to the operation. For example, if a mechanism actua-
tion process is instructed, the controller 101 may cause the
shaft to move in the first direction and the another shaft to
move in the second direction based on the determined mecha-
nism actuation process. Any movement of the shaft(s) in a
mechanism actuation process may be caused by one or more
motors that may include, for example, an actuator motor or
motors.

In the mechanism actuation process, the controller 101, by
way of moving the shafts, may additionally cause one or more
lever(s) configured to interact with one or more of the shaft
and the another shaft to move actuator(s), to which the
lever(s) may be mechanically or operationally connected,
between an engaged and a disengaged position based on at
least one of the movement of the shaft and the movement of
the another shaft. The actuator(s) may comprise latche(s), as
discussed above, which may be configured to move between
the engaged and the disengaged position to enable a tray to be
attached to, detached from, or moved with respect to a system.

FIG. 3 illustrates a schematic diagram 300 of a first exem-
plary movement of system components for tamping a stack of
substrates according to this disclosure. A numbering scheme
will be employed in FIGS. 3-5 that is common to the num-
bering scheme shown in FIG. 1 in order to facilitate compari-
son of the details of the schematic diagrams shown in FIGS.
3-5 to the exemplary embodiment of the overall system 100
shown in more detail in FIG. 1. Specifically, FIG. 3 illustrates
a configuration in which a controller 301 sends commands to
one or more motors (motor A) 303qa, (motor B) 3035 to
command movement of the slide elements 3054, 3055 along
respective shafts 307a, 3075, thereby moving the correspond-
ing paddles 3094, 3095 cooperatively in first directions A, or
second directions B, respectively in opposition to one another
during a tamping process. In this example, the tamping
motors 303a, 3035 may cause the slide elements 3054, 3056
to move away from (direction A) or toward (direction B) each
other (and the centerline of the ejection direction 123—see
FIG. 1). Slide elements 3054, 3056 may be caused to move in
opposite directions toward and away from the centerline of
the ejection direction such that corresponding paddles 309a,
3095 also are made to move toward and away from the cen-
terline of the ejection direction. In this example, the shafts
307a, 3075 may be held substantially stationary according to
a fixed structure of the overall system or may otherwise be

10

15

20

25

30

35

40

45

50

55

60

65

8

held substantially stationary with respect to the slide elements
305a, 3055 based on instructions from the controller 301 to a
shaft motor (motor C) 303c¢.

It should be understood that, although depicted as multiple
motors 303a, 3035, respectively controlling the movement of
multiple slide elements 3054, 3055, along respective multiple
shafts 307a, 3075, with their respective paddles 3094, 3095 to
accomplish tamping of a stack of substrates under control of
the controller 301, other configurations may be employed.
For example, a single motor may control the movement of
slide elements 305a, 30556 along the respective shafts 3074,
3075. Separately or additionally, both of the slide elements
3054, 3055 may be mounted on a single shaft and move with
respect one another along that single shaft.

FIG. 4 illustrates a schematic diagram 400 of a second
exemplary movement of system components for laterally oft-
setting one or more substrates according to this disclosure.
Specifically, FIG. 4 illustrates a configuration in which a
controller 401 sends commands to one or more motors (motor
A) 403a, (motor B) 4035 to command movement of the slide
elements 405a, 4055 along respective shafts 407a, 4075,
thereby moving the corresponding paddles 409a, 4095 coop-
eratively and correspondingly in first directions C, or second
directions D, during an offset process. In this example, the
offset motors 4034, 4035 may cause the slide elements 4054,
4055 to move cooperatively with each other (and in same
directions with respect to the centerline of the ejection direc-
tion 123—see FIG. 1). Slide elements 405a, 4055 may be
caused to move in the same direction during the offset pro-
cess, such that corresponding paddles 409a, 4095 also move
cooperatively with each other so as to cause one or more
sheets of substrate, as discussed above, to be laterally offset in
a single direction from the centerline ofthe ejection direction.
In this example, the shafts 407a, 4075 may be held substan-
tially stationary according to fixed structural components of
the overall system or may otherwise be held substantially
stationary with respect to the slide elements 405a, 4055 on
instructions from the controller 401 to the shaft motor (motor
C) 403c.

As noted above with respect to FIG. 3, it should be under-
stood that, although depicted as multiple motors 403a, 4035,
respectively controlling the movement of multiple slide ele-
ments 405q, 4055b, along respective multiple shafts 407a,
4075, with their respective paddles 4094, 4095 to accomplish
lateral offset of substrates under control of the controller 401,
other configurations may be employed. For example, a single
motor may control the movement of slide elements 405a,
4055 along the respective shafts 407a, 4075. Separately or
additionally, both of the slide elements 405a, 4056 may be
mounted on a single shaft and move in a same direction with
respect to one another along that single shaft.

FIG. 5 illustrates a schematic diagram 500 of a third exem-
plary movement of system components for actuating another
mechanism useful in printing according to this disclosure.
Specifically, FIG. 5 illustrates a configuration in which a
controller 501 sends commands to a shaft motor (motor C)
503¢ to command movement of the shafts 507a, 5075 coop-
eratively or separately in first directions E or second direc-
tions F to drive the corresponding levers 511a, 51156 in a
manner so as to translate shaft movement to drive actuators
513a, 5136 during a mechanism actuation process. In this
example, the shaft motor 503¢ may cause one or the other or
both of the shafts 5074, 5075 to move in a manner that moves
the levers 511a, 51154 laterally or around a fulcrum so as to
translate movement of the levers 511a, 5115 to the actuators
513a, 5135. Shafts 507a, 5075 are caused to move in axial
directions such that corresponding levers 511a, 5115 may be
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actuated thereby causing respectively associated actuators
513a,513bto move from an engaged position to a disengaged
position with, for example, a tray to facilitate attachment and
removal of the tray to and from the system 100 on demand. In
this example, the slide elements 5054, 5055 and the respec-
tive paddles 509a, 50956 may be held substantially stationary
with respect to the shafts 507a, 5075 on instructions from the
controller 501 to the slide element motors, (motor A) 503«
and (motor B) 5035.

In a similar manner to that noted above with respect to
FIGS. 3 and 4, it should be understood that, although depicted
as a single motor 503¢ controlling the movement of multiple
shafts 507a, 5076 to accomplish the actuation of multiple
actuators 513a, 5135, via multiple levers 511qa, 5115 under
control of the controller 501, other configurations may be
employed. For example, multiple motors may control the
movement of the respective shafts 507a, 5075. Separately or
additionally, a single shaft may be employed to actuate a
single lever and actuator combination or to sequentially acti-
vate the pair of lever/actuator combinations. Finally, one or
both of the actuators 513a, 5135 may be placed directly in
mechanical or operational contact with one or both of the
shafts 507a, 5075, doing away with one or both of intervening
levers 511a, 5115.

The disclosed processes may be advantageously imple-
mented via software, hardware, firmware or a combination of
these. For example, the disclosed processes, may be advan-
tageously implemented via processor(s), a Digital Signal Pro-
cessing (DSP) chip, an Application Specific Integrated Cir-
cuit (ASIC), Field Programmable Gate Arrays (FPGAs), and
other like devices, components, processors and/or circuits.
Such exemplary control and processing elements for per-
forming the described functions are detailed further below.

FIG. 6 is an exemplary block diagram of a control system
600, which may include, or comprise, a chip set, that can be
used to implement a control scheme according to this disclo-
sure. Control system 600 may be programmed to implement
control of a plurality of substrate handling functions in an
image forming device, including tamping a stack of sub-
strates, laterally offsetting a substrate, and actuating another
mechanism useful in printing and may include, for example,
abus 601, a processor 603, a memory 605, a DSP 607 and an
ASIC 609 component.

The processor 603 and memory 605 may be incorporated
in one or more physical packages (e.g., chips). By way of
example, a physical package may include an arrangement of
one or more materials, components, and/or wires on a struc-
tural assembly (e.g., a baseboard) to provide one or more
characteristics such as physical strength, reduction in size,
and/or limitation of electrical interaction. It is contemplated
that, in certain embodiments, the control system 600 can be
implemented in a single chip. It is further contemplated that,
in certain embodiments, the control system 600 can be imple-
mented as a single “system on a chip.” It is further contem-
plated that in certain embodiments a separate ASIC may not
be used, for example, and that all relevant functions may be
performed by a processor or processors. Control system 600,
or a portion thereof, may be programmed to constitute a
means for performing the plurality of functions including
tamping a stack of substrates, laterally offsetting a substrate,
and actuating another mechanism useful in printing.

In embodiments, the control system 600 may include a
communication mechanism such as bus 601 for passing infor-
mation among the components of the control system 600.
Processor 603 may have connectivity to the bus 601 to
execute instructions and process information stored in, for
example, the memory 605. The processor 603 may include

10

15

20

25

30

35

40

45

50

55

60

65

10

one or more processing cores with each core being configured
to perform independently. A multi-core processor enables
multi-processing within a single physical package. Alterna-
tively or in addition, the processor 603 may include one or
more microprocessors configured in tandem via the bus 601
to enable independent execution of instructions, pipelining,
and multi-threading. The processor 603 may also be accom-
panied by one or more specialized components such as one or
more DSPs 607, or one or more ASICs 609 to perform certain
processing functions and tasks. A DSP 607 typically is con-
figured to process real-world signals (e.g., sound) in real time
independently of the processor 603. Similarly, an ASIC 609
can be configured to perform specialized functions that a
more general purpose processor either could not perform, or
at least could not easily perform. Other specialized compo-
nents to aid in performing the described functions may
include one or more FPGAs, one or more controllers, and/or
one or more other special-purpose computer chips.

In embodiments, the processor (or multiple processors)
603 may perform a set of operations on information as speci-
fied by computer program code related to one or more of
tamping a stack of substrates, laterally offsetting a substrate,
and/or actuating another mechanism useful in printing. The
computer program code may be a set of instructions or state-
ments providing instructions for the operation of the proces-
sor and/or the computer system to perform specified func-
tions. The code, for example, may be written in a computer
programming language that is compiled into a native instruc-
tion set of the processor. The code may also be written directly
using the native instruction set (e.g., machine language). The
set of operations may include bringing information in from
the bus 601 and placing information on the bus 601.

The processor 603 and accompanying components may
have connectivity to the memory 605 via the bus 601. The
memory 605 may include one or more of dynamic memory
(e.g., RAM, magnetic disk, writable optical disk, or the like)
and static memory (e.g., ROM, CD-ROM, or the like) for
storing executable instructions that, when executed, perform
all or at least some of the disclosed steps to implement one or
more of tamping a stack of substrates, laterally offsetting a
substrate, and actuating another mechanism useful in print-
ing. The memory 605 also stores the data associated with, or
generated by, the execution of the steps.

In embodiments, the memory 605 stores information
including processor instructions for one or more of tamping a
stack of substrates, laterally offsetting a substrate, and actu-
ating another mechanism useful in printing. Dynamic
memory allows stored information to be changed by system
100. RAM allows a unit of information stored at a location
called a memory address to be stored and retrieved indepen-
dently of information at neighboring addresses. The memory
605 is also used by the processor 603 to store temporary
values during execution of processor instructions. The
memory 605 may also be a ROM or other static storage device
coupled to the bus 601 for storing static information, includ-
ing instructions, that is not changed by the system 100. Some
memory is composed of volatile storage that loses the stored
information when power is lost. The memory 605 may also
include at least a non-volatile (persistent) storage portion,
such as a magnetic disk, optical disk or flash card, for storing
information, including instructions, that persists even when
the system 100 is turned off or otherwise loses power.

The term “computer-readable medium” as used in this
disclosure refers to any medium that participates in providing
information to processor 603, including instructions for
execution. Such a medium may take many forms, including,
but not limited to, computer-readable storage media (e.g.,
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non-volatile media, volatile media and the like), and trans-
mission media. Non-volatile media include, for example,
optical or magnetic disks. Volatile media include, for
example, dynamic memory. Transmission media include, for
example, twisted pair cables, coaxial cables, copper wire,
fiber optic cables, and carrier waves that travel through space
without wires or cables, such as acoustic waves and electro-
magnetic waves, including radio, optical and infrared waves.
Signals include man-made transient variations in amplitude,
frequency, phase, polarization or other physical properties
transmitted through the transmission media. Common forms
of computer-readable media include, for example, a floppy
disk, a flexible disk, hard disk, magnetic tape, any other
magnetic medium, a CD-ROM, CDRW, DVD, any other opti-
cal medium, punch cards, paper tape, optical mark sheets, any
other physical medium with patterns of holes or other opti-
cally recognizable indicia, a RAM, a PROM, an EPROM, a
FLASH-EPROM, an EEPROM, a flash memory, any other
memory chip or cartridge, a carrier wave, or any other
medium from which a computer can read. The term com-
puter-readable storage medium is used herein to refer to any
computer-readable medium except transmission media.

While a number of embodiments and implementations
have been described, the disclosure is not so limited. Rather,
it covers various obvious modifications and equivalent
arrangements, which fall within the purview of the appended
claims. Although features of various embodiments are
expressed in certain combinations among the claims, it is
contemplated that these features can be arranged in any com-
bination and order.

Although the above description may contain specific
details, they should not be construed as limiting the claims in
any way. Other configurations of the described embodiments
of'the disclosed systems and methods are part of the scope of
this disclosure. It will be appreciated that a variety of the
above-disclosed and other features and functions, or alterna-
tives thereof, may be desirably combined into many other
different systems or applications. Various presently unfore-
seen or unanticipated alternatives, modifications, variations,
or improvements therein may be subsequently made by those
skilled in the art which are also intended to be encompassed
by the following claims.

What is claimed is:

1. A method useful in printing comprising:

providing a substrate handling device having:

one or two shafts positioned orthogonally to a substrate
ejection direction of the device,

two slide elements for sliding both on the one shaft or one
each on the two shatfts,

two substrate handling paddles associated one each with
the two slide elements,

a plurality of motors for (1) moving two slide elements
with respect to the one or two shafts or (2) moving the
one or two shafts with respect to the two slide elements,
and

a controller for controlling operations of the plurality of
motors;

determining, with the controller, an instruction to cause an
operation comprising one of a substrate tamping pro-
cess, a substrate offset process, and a mechanism actua-
tion process, the substrate tamping process including
causing movement of the two slide elements with one of
the plurality of motors being a tamping motor, the sub-
strate offset process including causing movement of the
two slide elements with a second one of the plurality of
motors being an offset motor; and
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controlling, with the controller, the plurality of motors to
cause a movement of one or more of the two slide ele-
ments and the one or two shafts based on the instruction,
the two slide elements and the one or two shafts being
configured to move in a first direction and a second
direction along an axial length of the one or two shafts,
movement of the one or two shafts being caused to move
by athird one ofthe plurality of motors that is an actuator
motor different from the tamping motor and the offset
motor,

wherein the movement in the first direction and the second

direction of one or more of the two slide elements and
the one or two shafts corresponds to the operation.

2. The method of claim 1, further comprising:

determining, with the controller, that the operation com-

prises the substrate tamping process; and

controlling, with the controller, at least one of the plurality

of motors to cause a first of the two slide elements to
move in the first direction and a second of the two slide
elements to move in the second direction in opposition to
movement of the first of the two slide elements based on
the determined substrate tamping process to cause the
two paddles to execute the substrate tamping process.

3. The method of claim 1, further comprising:

determining, with the controller, that the operation com-

prises the substrate offset process; and
controlling, with the controller, at least one of the plurality
of motors to cause a first of the two slide elements to
move in the first direction and the a second of the two
slide elements to move in the first direction in coordina-
tion with movement of the first of the two slide elements
based on the determined substrate offset process to
cause the two paddles to execute the substrate offset
process.
4. The method of claim 1, further comprising:
determining, with the controller, that the operation com-
prises the mechanism actuation process; and

controlling, with the controller, the actuator motor to cause
the one or two shafts to move in one of the first direction
and the second direction based on the determined
mechanism actuation process to execute the mechanism
actuation process.

5. The method of claim 4, wherein the providing step
includes the substrate handling device further providing at
least one actuator movable between an engaged position and
a disengaged position, the at least one actuator being in
mechanical contact with at least of the one or two shafts,
movement of the one or two shafts in one of the first direction
and the second direction causing the at least one actuator to be
moved between the engaged position and the disengaged
position.

6. The method of claim 5, further comprising controlling,
with the controller, the actuator motor to cause the one or two
shafts to move in a manner that, in turn, causes the at least one
actuator to move between the engaged position and the dis-
engaged position.

7. The method of claim 6, wherein the providing step
provides the mechanical contact with an actuating lever inter-
posed between the one or two shafts and the at least one
actuator, movement of the one or two shafts by the at least one
motor moving the actuating lever to move the at least one
actuator between the engaged position and the disengaged
position.

8. The method of claim 7, further comprising enabling at
least one of attachment of a tray to, detachment of the tray
from or movement of the tray with respect to, the substrate
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strate tamping process to cause the two paddles to
execute the substrate tamping process.
11. The apparatus of claim 9, the processor being further
programmed to:
determine that the operation comprises the substrate offset
process; and
control at least one of the plurality of motors to cause a first

13

handling device by the movement of the at least one actuator
between the engaged position and the disengaged position.
9. An apparatus useful in printing comprising:
one or two shafts positioned orthogonally to a substrate
ejection direction of the apparatus; 5
two slide elements for sliding both on the one shaft or one

each on the two shafts;
two substrate handling paddles associated one each with
the two slide elements;

ing process; and

control at least one of the plurality of motors to cause a first
of the two slide elements to move in the first direction
and a second of the two slide elements to move in the
second direction in opposition to movement of the first
of the two slide elements based on the determined sub-

of the two slide elements to move in the first direction
and a second ofthe two slide elements to move in the first
direction in coordination with movement of the first of

a plurality of motors for (1) moving two slide elements 1o the two slide elements based on the determined substrate
with respect to the one or two shafts or (2) moving the offset process to cause the two paddles to execute the
one or two shafts with respect to the two slide elements; SUILSU‘ate offset Prfocles.& " being furth
and 12. The apparatus of claim 9, the processor being further

at least one processor, the at least one processor bein programmed to:

P dt ’ P S E determine that the operation comprises the mechanism
programmed to: .
g . . . .. actuation process; and

determine an instruction to cause an operation comprising control the agtuator motor to cause the one or two shafts to
one of a substrate lamping process, a substrate offset move in one of the first direction and the second direc-
process, and a mechanism actuation process, the sub- . . . .

; : ; ; tion based on the determined mechanism actuation pro-
strate tamping process including causing movement of 20 cess 1o execute the mechanism actuation Process p
{)he.: twoslide e!ements Withl? ne oithe plm?«hty ofmotors 13. The apparatus of claim 12, further compprising e;t least
eing a tamping motor, the substrate oft set process | ’ ..
inch;gding caﬁsir%g movement of the two slide elre): ments one actuator movable between an engaged position and a
with a second one of the plurality of motors being an disengaged position, the at least one actuator being in
fFset motor: and mechanical contact with at least one of the one or two shafts,
LSS OTOT an 23> movement of the one or two shafts in one of the first direction

control the plurality of motors to cause a movement of one L .
or more of the two slide elements and the one or two and the second direction causing the at least one actuator to be
shafts based on the instruction, the two slide elements mOYSd between the engaged position and the disengaged
and the one or two shafts being configured to move in a position. . .

e it and o scond o o vl o, L4 Ths ot of i 1, proceser b e
length of the one or two shafts movement of the one or prog . .
two shafts being caused to move by a third one of the two shafts to move in a manner that, in turn, causes the at least
plurality of motors that is an actuator motor different Z?e actuatsr to .ItI.IOVe between the engaged position and the
from the tamping motor and the offset motor. 15eNgaged posItion.

. . N ’ 15. The apparatus of claim 14, the apparatus further com-

Wh(;rrzlcliitgg g}%‘ﬁ?gfﬁﬁ:gi?ﬁ: edg\l;? g tslloig :I:lieﬁllz 151:: SC Zﬁg 35 prising an agtlzlating lever interposed beI:)tI\)xleen the one or two
the one or two shafts corresponds to the operation shafts and the at least one actuator, movement of the one or

10. The apparatus of claim 9, the processor being fu rther two shafts by the actuator motor moving the actuating lever to

progr.a ed to: ’ move the at least one actuator between the engaged position
determine that the operation comprises the substrate tamp- 4, and the disengaged position.

16. The apparatus of claim 15, the movement of the at least
one actuator between the engaged position and the disen-
gaged position enabling at least one of attachment of a tray to,
detachment of the tray from or movement of the tray with

respect to, the substrate handling device.
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